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±.fc, nIG a NiS 1 OiEffiOIEffiO** L-CV^««8 WO®i*^S?tti" 
* £ & 12^1^91:, nfimti 1 3 ^Mt4 0 £ib\ nffiijm 

II 3 ZMf&-fZ>mi~l*. nIG aNltl ^Uw^^^U^ hMJZ^ &10n 
m<7))?^^^-t^> A lit, ^2 0 nmOjf:^^^-^-^ p t8t, I^OOnra 

> Kfrfo -CSrf-fc&T- y y^zmffli-Z - t K J: o $ 1 Hit^tc «fc 
1/ - ^T-^^c $ o 
[0 0 5 0] 
(»2H*fe^3BI) 

±fE#l^S&^3Blfcll£*K nlGaNifliJ^im^iMi (2~ 
5) (7)^^<7)^f^I^ ? l^*$tLTv^ 0 ZOtztf), @l^Ltil»i 

M±H{±, nIG a Nit 1 Wiffi^^lClit^ i 9 nIGaNlll 

^^^1-^> P t mt^ &J3 0 0 nmOl?*^t5Ault^P)4S nfflijmii3 
3* f ffM£*iT>>*o nffi0m^33(4, #3£IE<Z> [WtMMMW <0—WC 

$>z>o %2mmfm<o^(D^(ommu ±umimm : Bmtmmx$,^ 0 

[0 0 5 1 ] 

114 isXZ/Wi 1 5 J4„ HI 1 3 IZtf L 2 HjSfi^lRU J: * StttJ^Sifc U 
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-^T-^^7 0 o-b^^|^-t^^«!6<7)li!f®ll-r*^o IU1 3 -HI 5 

* #hb Lt, i2 HJfcSJg «fc * S'f U - i^it -7° n -t ^ ic o 

[0 0 5 2] 

if, 0 3 -HI 1 ^^L7t^lHM^i^[p|«<7)^ii7°n-t:^^fflv^T. p 
to'iy Vmmi 1 £"C£^j£Lfc&, nIG a NSt 1 Oi®^lifl) 0 Z<D 
fa, nIGaNItl<^$I±C, nIG a Nil 1 <7)II^H:gH!t^ J: 

d ±ia* i nMMmtmm<vm&& & nmmmz 3 ^Mt 

[0 0 5 3] 

p $IJ/^ y K«« 1 1 t^IM $ *Lfcffl|j&» f>^^7^77^>40 Sr^Jtfcf&o 

r^'fV^MtSo -Oft, m 1 5 K^rti 9 f^^77^7"7^>4 0 
(H 1 4#BS) KfrfoT, nIG a Nit 1 pl7 7 y KS 5 0flSB 

jsw<*> tosb <7> s t-m xi %m co * if l r v ^ mm 8 c fg x $ n & 

* 4 W - -9* a^ri^JS $ ft 4 o 

[0 0 5 4] 

^2^»S0Mif-7°n-t^-et± N ±fB«?J:9K, nIGaNitlW$ffi^ 
t£8rt ? Hi:ipST"|&*£*L& «fc -9 m=¥-*&Tv7iZ&ffi-$-2>Ztiz£<z>X* & 

[0 0 5 5] 
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■CIRJR Ztitz Jttfm. iL^^fl tfS&ft-T * <7> £ jqiflj 1" & - £ ri* T # & <7) -e 
[0 0 5 6] 

m 3 njfe^gn 

01 6(i. ^oi3iliita^M^t- KIT <r> 

m^^Ltzmmmxh^o mint, mi e^Ltzmsmmmm^x^^it 
- vmi-<v^itm<vwMz^Ltzfcjzffimm-(:3bz>o mi 6 is «t 0*1111 7 

[0 0 5 7] 

-ftcio-tb, z\<Dm3mmBWiX-lZ, il 6^tJ:9i:, nlGaNMli 
fc, #7 5 ^m(7)j¥^^W1-^ S i ^K-y£*i£nMG a Nt^&& nS^?7 
Kg 5 2 «HTv>4 0 fcfc, nl^ y y Kg 5 2 (±, *§kW<D PN^-ftStf 

[0 0 5 8] 

nI^7 7K15 2±(:i±, H^cS 5 3 rt ? ffM£ *LT^* 0 - O&ltm 5 3 fi 
.017 KjF"T «fc d #J5 nm»^t^7> K-7°G a Nt5^&& 61 
OHEM 5 3 a is cfct^j 5 nm^^f^7> K-"7°I n 0 .35G aQ.65 N ^ 
hK2> 5m<D#pm 5 3 b*^c51Hflf«$^MQWfiM4» 53ct, lUOn 
m^H*^t^7> K-7°G a N j&* £ & «fflMF 5 3 d CiotiS^tit 
n&o &is, I£ftg5 3(±. «HJ<7> r^«#*T-)iJ PdT-£>& 0 
[0 0 5 9] 

fLT, 0 1 6 K/jrf «fc 9 5kitm 5 3_tHf±, 15// m<7)ff<^^^r 

-f £Mg7> f K-7°£iX7^pMA 1 o.05 G a 0.95 N7 ^&& ^ * 5 4^ 

M^fttv^o pI^7 7Kf5 4±i:i±, 1^)0. 3^mW$:tt4Mg 
^K-y^JlfcpSSG a N#>«b&& pM^g 5 5 7& f ^j££*LTv>* 0 &is, p 

m? y y Kg 5 4 is ct t^piatfiaiw 5 5 *±, ^^m<^> r^jffl^tT-gj 00-*? 

[0 0 6 0] 
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fit, n I G a NiS 1 i5 <t ^liti^+iMi (5 2-5 5) <7)5i^<7) 
&#tcti. nIG a 1 <7)Iffl^f) pltfli 5 5 <7)_tM£ -e^^^$5jS<7) 

*>fL-Cv^fIlt5 6«?tLTi/^ 0 
[0 0 6 1 ] 

feOMtp LX^&ifMS 6 1^)2 5 0 nm^i*i^4 0 /u m^i t £^1" h 
S i 0 2 M^&&«Jiil5 1 i)^m^*iX^Z> 0 ifc, pM^PbIS 5 5_tHtt 

, pi^f B ii 5 soiMotsfio^^L-cv^fnts 6 miommzmm-f & t 

tSPtit, ItllOO nmOg**ttS Pdifc, ifrl 5 0 nmOJ9<^£^ 

®J CO— mx~$>Z>o Lt, plffl*- 5 y ^li5 8±Kli, T*3&^±*^|r1 
filOO nm^P^t^T ift, 1)1 00 n mCDJ?^ £;pfi"£ P 
dfh, #5j 3 // mOlf^ Sr^Ti" ^AuiH^t^pl^"'; Km® 5 9 rt f BJ£ £ 

[0 0 6 2] 

i3IMiitii, nIGaNitl©II±i:, nlGaNlftlW 

mmmm<om^ lx^&wm 5 6 m^^fnt^^Mi-^ x. ? n«t- < •/ 

?&mmm6 0&Mf&ZtiX^2> o Z<DnM*-< -^2WIt6 (Hi, nIG 

, n fPJJ itB^mH 6 0 <D ^ffi ^T-<7)^ffi t <0 m<D$!e.mWli , 1^4 0 

^mT***o nf0ii^«S6 0 *±, &%W<D r*Mffl«SJ tf) — MX$>2> 

o f U, n HB * - 5 y * itlHmfe 6 0 OJEffi±OgFf5E«« »i, n HJ * - S y 
^SWtl6 0 <7)^MtCi4v^^(b|IIIC l-jl 0 0 nmWg*^t^T i St 
, #J 1 0 0 nm^$-tt^ Pdlt, #J 3 // mOff <^ Zftiri A uMtfrb 
tehnm^v Km® 6 1^ ? B^^.^TV^ 0 
[0 0 6 3] 
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v> & Hit 5 6 J^Ofllt H^ftbl" * i 9 K , P fl'J * - * * * «® 5 8 £ Tfrm-fZ 

ZttiZX-oX, pM^mm 5 5 <£>±M<7) LTv^iIlt5 6 ii. 

5 7 f:i «9&ffiL£v,>J: o ClfciiSOf, pSi't'lM 5 5 (0±Mco^icoft4 I 

LTv^fiit 5 6 tcmsfc^se^s c t \<zmmirz> 'j-^im^j^cw 

t^:i:^^o nIGaNitlOlffili:, nIGaNillOl 

$£9§wk6 o^Mt^-tiaot, nSG a n« i ommmm (dm* l 

x^h WM 5 6 ^ <b <d 7F<&m %fkib £ # & 0 

[0 0 6 4] 

* fc, ^3 nMTtmx ti , n fjj t-v^ 6 o <mm t st^^s <h 
(mm) iz t -emtiz vzwrni-z - 1 tfx # & 0 - j; ^ , n^M^n 

[0 0 6 5] 

@18-02 1li, Ell 6 C/j^ L/:i 3 Ilif.C i SM^M ^ - Kf?W 
iKit^n-t^^^i-^/j^oUfHIlI-e^^o mi 6~®2 1 £#!!?. LT 

[0 0 6 6] 

if\ 118 H^i-«t 9 Jw, MOC VD&£fflv»T\ nlGa 1 _LU, 

nl^ 5 y K* 5 2 , Hjt* 5 3. pI^7'7Kl5 4 is «fc tfp M^fflS 55$: 

[0 0 6 7] 
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*#a^^(i, mm&mzm i o o o°c~ft 1 2 0 or (fztx.it. in 150 

°C) ^^K^ffi^m#L^^-t:\ H 2 i3J;O t "N27)^^^ + t l J7^ (H 2 ^- 
t$:l^5 0%) NH3^iO ; 'TMG a & £ J^tV ^ <h , S iH^ibi 
& V-;*> YJfXtZm^X, nlGaNSSliC, ft 5 mO]?^ 
S i tfV-yZtitz nIG a N^<b&& nl^ 7 y KJf 5 2 ft3 M m/h<D 

[0 0 6 8] 

mi 7 iZTHLtzXolZ, ISfiS^I^)7 0 0t~IU OOOt (f:tx. 
(i\ 1^)8 5 0 °C) OJ&SfiJgiCfSyf L £:|*lsT% H 2 £ «t XfN 2 fr T 
if* (H 2 ^^ I ft 1 %~ft5%) NH 3 , TEGa^itTTMIn*^* 
&JGR^^t*fflv»r, nl^7 7 K15 2 (IU1 8#BS) ±t:, ft 5 nm^)f 
c^^^i-^T> K--7°G a Nj&»kfc* 6m<^mmm 5 3 at, ft 5 nm<7)|^^ 
^Ti-^T> K-7 Q I n 0 .35G ao.65N^<b&& 5*<*>#FnB5 3b^, ftO. 
4 nm/sOfiStSjiJKT^H^fiKS^-^*^ K «t OMQWiSteS 5 3c 
1~£o *£v>T\ ft 1 0 nm»^tt^7> K-7*G a N^«b&£f£Hf 5 3 
ftO. 4nm/s^ft8Mft?«o ^;hJ; c fci'K MQWffitti5 
3 c & X ^111 5 3 d h %2>f£itm 5 3 tfMfc £ tiZ> 0 
[0 0 6 9] 

^i:, HI 1 8 IZtt^X i ft«?UJg£ft 1 0 0 0°C~ft 1 2 0 0°C 
(i\ ftl 1 5 0°C) (Vmmi&mzUWLfzVmx^ H^iLKN^fbft&^'j 
T1f7« (H 2 ^vpf^ : ft 1 %~ft3 %) fc, NH 3 , TMGa^itFTMAl^f) 

ftO. 1 5 jum^m^^^t^Mg^V-y'^i^tzpmA 1 o.05G ao.95N 
H44pl^77 K15 4 ft3 M m/ h Oj£gjiJ£-C-Jfcg: 
, ^W^NHaiJi^TMGaC^it, pl7 7 7 KB 5 4 ftO. 
3 y« mWl^^t^Mg^ K--/£*t£ pIG aNA^iS pS^WE 5 5 * 
, ft 3 jum/h^j&ftiiJg-CJ&ftS-tfr&o 
[0 0 7 0] 

nIG a OfsfeTHSJf «t ») , nlGaNltl^ 
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ftho itz, H 2 & .fctns^'bfc*** V Tjf^<DU2<0^m*\&< t 
[0 0 7 1 ] 

^3*lMtii, 7°7X-7C S0G& , 

, mi 9 ft 2 5 0 nm<7)J?<^tft4 0 m<7)i|il t M 

5 6 #felfM5 7ta ^a^bn^o 

[0 0 7 2] 

, W5 7 ^19 «fc 0 C pffj:*- < 7 ^tg5 8 £l£f&1-£o fcfc, pfU* 

£W1"£P t Jf<b, S10 0 nm<Dm^*^irZ> P dft, ft 1 5 0 nmOJ?^ 

5 8±K, TB^ib±Si:|fil^oT, 1^)1 0 0 xim<DW-^^^-fhT ifi, ft 
1 0 0 nm^^tt^. Pdit, ft 3 ^ mCDf!=L&it^~t Z> AuMtfrht£& 
pM'ty K1I5 9 £^j£1-£ 0 £<7>3£, nIGa NlSl<7)f*^ 10 0^ 
mCi^J:^:, niGaNiil<7)iI^Iit^o 
[0 0 7 3] 

^IC, nIG a Nif 1 OilCifi^^Ti^IIj:, ft 5 n m<7))?^ *^irZ> A 
1 St, ft 1 5 nmOlf^^tt^ P t Jf<h, ft 4 0 nm<?))|*^t^Aui 
£ rt* (H^-e-f) £ff^£-f£o -e^m, nlGaNif 1«II± 

OlsfiO*^ Ltv^iit 5 6 m^OflitKteS-r&^JSJI C t K «fc 
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n fit * - $ y * StSHmM 6 0 <7)^® t S^OSHIS OP^ffiHtWrt*. ft 4 0 ^ m 
[0 0 7 4] 

ASK, lU 0 0 nm^^tt^T i * , IH0 0 nmOll^^ttS P d 

o mk k , p t§iw y K«ii 5 9 mm $ tL/ziijj^ 6x^7^7"7^> (m 



[0 0 7 5] 

#70. 4 jumOlf^^^tSG e & V-7°£tifz niA 1 0.12G ao.88 N ^£ 

* n am?rir n y ? m s o $ tit^ £ 0 

[0 0 7 6] 

f LT, iO*4HJfe^"CJi, nlG a NSt 1 i5i^f j»f f fr&i 
(2-5, 8 0) Oj*^Ojft^Ut±, nIGaNitl©affi?5^nIislt7*D 

, nIts£7D^|8 0±Cli, 'J 7 y^7 ^itt^ pin 7^7 M 6 O 

mt, iftlOO nm^^^f^, P dli, & 1 5 0 nm<7)f Au 
it*^^^ pfflij^-- 5 7 ^117 9^M?titv^ 0 ire, pifj^-^-7^ 
«&7 9±K(i, T«^<b±«lCfpj^o-C, ^10 0nmWf^^t-i)Tii 
fc, 0 0 nmWf*^t4 Pdit, #•) 3 ^ m^^tSAulH 1 
pfiH^-y K**8 l«$titv^ 0 nISt7*D7 7f8 Oii 
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[0 0 7 7] 

^4HM^-efi, ±SE* 1 H*fe^©.fcra«U nlGaNlSl^I 
®±0$e{£?)^ LTV^fll^S £Hd «t 9 |^2 5 0 nmOI?*t^4 0 
mOipgi: SrWt* S iNI^^^Ml 2^«$*itv>i 0 nIG 
a N*1£ 1 0*®±HJ±, nIG a Nifi 1 <7>*®<7>$e£z:<7)^ LT^£fU£ 8 

[0 0 7 8] 
[0 0 7 9] 

g4illit(i, ±IS<7) J: -9 «SE^n 7 ?Jf t Lt, nIA 1 0. 12G a 
0. 88N ^ <b & h n MSft:/ n 7^18 0 iFfctiL £ tt^S«^#2*# U - 

IG a N*=K1 0*®±0<»0£*L •*>*&£[# 8 %&JK 1 2 
fctU:, nIGa 1 Ltv»-6«« 8 £JWO^i£Hg 

tttii^i:, nfilf 1 1 3 *Mt4 i t U «t ot, nlGaNlll^II 
(DmZ^MtpLX^&iMMSli, llll 2 J: 15 Sm L&v>j; -) \zmfrti%><D 
X\ nIGa N2£ffi 1 <DmW<D$£i±<7)M^ LX^&WM 8 tC«St* s Sl£*L* 

[0 0 8 0] 

S2 3-2 6(i, EI 2 2 L£f& 4 ^M^.K «t * SffcttaMMMfc 1/ - 
^<7)iliii-7 0 n-l:^^^i-^^i6<7)|ffMI21-t:^^o H 2 2 -El 2 6 £#HS 
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[0 0 8 1] 

z-r\ m3 -m7 i,z^Ltzminmzmtmm<7)mm.7°u j tx$:m^-?:, pi 

, 02 3 liZjfi't X 7 7°7X-?C VD&£ffl^T, pla>7^ h«6±<OBlr 
^fl^^, 1^)2 0 0 nm<7)J¥^£;jlf1-& S i NS 9 1 ^J&L^iL S iN|9 
1 ±fc, 1^)2 5 0 nm©f*$-tt^N i /I 9 2 £M^1-& 0 dOPfk S i Ni 
9 1 is X CFN i Jf 9 2 #\ %j 1 . 5 // m<£>fg£*r1-& X 7°^ («BS*fe) 

[0 0 8 2] 

#:K> IH 2 4 td^-f J: 9 C l2^^ti*K7^X7f>^ifflv>-C, 
N i|92^v^^^LT, pS3>^^ M6ii(/pl^7'y KJg 5 C0±M 
^<b*il3 0 0 nm^HWxyf >^t4 0 dtUCJ:^ pl^77KS5« 
Mtpl3>^7 Ml 6 fci^M^^tt^:, Bf7£^7jf6]^M^^7, h 

o 

[0 0 8 3] 

(112 5 tCTFi" «t 7 MOCVDS*fflv>t, S i N/f 9 1 £3i#M:K 
-?X?tLX^ pl7 5 7 KJB 5<D&M&t\-CO¥iBU<7>mm±.l<Z^ jfoO. 4 /u m 
(DW-^^-ThG etfY--?ZKtznW.h 1 0.12G a 0 .88 N ^££ nlt«7' 
n^f8 0«n o ^<OP^ pi7 9 7 KS 5<D{hUVX9\-<7>¥-m.U<D&m 
<D$z&tfmW-r 2><DX\ nlG a N« 1 <7)*1S^ «b n ltl7'n ^|80<O 
±®$t?®a^^O&+LTv»*«i*87^j&$it&o S iN!9 1 

[0 0 8 4] 

HI 2 6 Izjjz-t-X 7 K£3Mlffi*Jflv>"r, n!117n^|8 0± 

ib±gtCfp]^oT, ^5 nra»?:|tS P tit, ^10 0 nmOffc^^^r 
1"&P d®t, !U 5 0 nm<7))|^*ttl.Auii:54^^*pfflt-< -7^m 
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oT, 1^1 0 0 nm(7)f*^ttST i Jf t > ft 1 0 0 n m<7)J¥<^ P d 
Jl , m 3 mCOffc^ £^1" ^Auiy^^Sp ffi^ ? K*« 8 1 ZMWLlr Z> 

0 -<7>^ nlG a N3£« 1 <DW-M*tfo 1 0 0 // mKfc&J: d nIGaNI 

[0 0 8 5] 

m 1 2 tZTjiLtzm 1 ^»^,<h[Wl«(7)i!iiS7 0 n-t:^^fflv^T, H 2 2 
tj^L/jJ: 7 K, niG a N*«l ©Sl^^^lt Lfv**^** 8 £^9 «t 9 
«1 2«tio -<7)^> M&mm&Zm^X, nIGaNltl<^ 
mm±^. nSG a N3£« 1 O^McolSfiO*^ Ltv»4i«8 WfitCl 
Hfc-fa X i ^o, |fe|M 1 2 £Hd <t 9 nffiijm^I 1 3 BMtSo 
K , p ffj^ y K«® 8 1 iffifiL £ titzMfr h X ? 7 4 7* 9 >f > (0^-£-f 

[0 0 8 6] 

(#5ISifc^Sl) 

3H*fe^t^*0, nlG a NS«1 <7)«M±co$Sf±(7)*^LTv^fIlt5 6 
S2 5 0 nm©g*t^4 0 fi m<Otf&b*^-f Z> S i 02^^ h & * HI 

1 0 O^ffM^tlTv^o 

[0 0 8 7] 

£ ^5Httfi-C(i, nlGaNSSlClIlC, nSGaNStlW 

*Mofsf5<7)*^ L-cv^fiit 5 6 \>xft<offl$LKi&f&irh tti>\z^ mmm l 0 
■y?mmww,i i o«?nrw4, ^onin^--^ y^iiB^mni 1 oii, 

nlG a N3£«l OOTHi5v^^<blRtC, ft 5 nmOf*^tt-6A Hi, 
ft 1 5 nm<7)J¥^£;pr1-& Ptli, IH0 n m<OW-& ^^^h A u ® t frb % 

& o n m y ? mwwM i i o <Dmm±.<Dffifcmmz *±, n m * - ^ y ? m. 
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WWfcl 1 0O*ffitCj5v^^e,IStC, 1^10 0 nmOH*4:ftST iit, 
ftl 0 0 nm<7)j?^.^^rt" * P dit, ^3 //mW^t^Auit^'b^ 
5ni^7 KItl 1 l^ffM^tLTv^ 0 nfll*-* ytMWWfel 1 

[0 0 8 8] 

$ 5 HiflflgSg-Cfi. -hfBO cfc d nIG a 1 <7)*ffi±<7)|EfiO*^ L 

T^&^Jt5 6 |g«l 0 0 ^ISt^ ttti:, nlGa N^l ^>*M 

H^man 10^t5:ti:«toT, nlGaNiSl«II«WL 
rv^^5 6 f±. Ifeill 0 0 tcj: f)ItilL^v^9 i:at>^OT% nIG 
a NSS 1 <DWkm<n&\iL(DMt¥ LX^hW&S 6 KmaE^SlEfL* £ t HjBH"T4 

It, pM^M® 5 5 (^JiffiOijSfcOitft 3 Ltv^i«5 6 (i, Mlf fll 5 7Ci ^ 
EffiL&^ct? Km.t>Kh<DX*. p SI* HIS 5 5 <7)±M<7)tf4S:w* c t 3 Ltv»5f 

[0 0 8 9] 

02 8 1±, 02 7 [zmLtzmsnwtm^ 4 vmi-^mm-f^ 

*A*®mirZ>tz*b<nmumx-$>i>o 0 2 7ioJ:OTl2 8 £#!!?. Lt\ h 
[0 0 9 0] 

it\ 018-02 oiz^LfzM3mmmmtmm<7)m&7°v*:x$:m^x, 

pM^y 9 £-C*Sj£Lfc#L nIG a N£« 1 O*® £WJg-f £o ^ 

i5iMitli, ^XvCVDS, SOGS > ifcf±, 

t*-A^*^^fflv^T, nlGaNill^ill^Ii:, ^2 5 0 nm^H 
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&%m-fZ>S i0 2 i (HI^T) HMt^o "t<Dfe, nIGaNl«l<0$ 
Mi^l^O^LTv^fflts 6»Itt:{iit^,S i 0 2 J3H£- <i> 
itCiot, 028 HtfI - =fc d ifo2 5 0 p. m<DW.&tffi4 0 ju m^it £ 
■%-fZ> S i 02Wkfrh%Z>m%m l 0 0 ^Mt^o ZtitzX V) , nMG a 
^ 1 ^aMOlEfi^*^ LTv^fIlt5 6 #felfM 1 0 0CJ; '9 If ;b ft -?> o ^ 
jt^lS^&^ffl^T, n|GaNi«l©*i±t:, nlGaNitl^i 

m<Di&\iL(D%^ LTv^fiit 5 6 ^oiiit^^-r^ #6lfJii 1 0 0 

fc, nUPJ*- 5 y?mmnm l l 0 ^lltSo n\n^~ < y 

tmwmmi l 0iJ&&-f&m~l*. nSG a Nit l 

, It) 5 nm^^tt^A lit, 1 5 n m<7>!?^ £;j|"f £ P tJit, #7 4 
[0 0 9 1 ] 

ii io <7)&m±.?>ffifcffimz^ nti^-- ^ y ?&wwm 1 1 o oj&MKis^ 

3&*<bMSK, l-J 1 0 0 nm^^tST nrnW^^h 
Pdlt, lt)3 ^ m©J9***Tt& A u® YW& 1 1 1 £B 

tPit^-ttaoT, us %imm\z x %> §tit yj*- vm^ip&WL $ a & 0 

[0 0 9 2] 

[112 9(4, 6 Illif: J: SMftMf#l/-f ii^ 

±§fi^ i mm^mtm^ 19 , p i^7-7ki5 ^^^wasp^m^ n 

K/l3 4niji1-£m££^1-£-f ^>?±AJf 1 2 0^ Kii^LT 
^&^J&8 lZffl}t>tlX\/*Z> 0 -<7)^^>ffiAll 2 0!i, RSI (C) &£*<W 
HLVsiJ Jr>&\ir&Z.tlz± tyT&j&ZtiX^&fztb, ^ft>/£Ail 2 0 m% 

ifbtitzmmt, mmjiwMt^^o j*>&s\mi 2 on, r 

tblE# 2003-3099390 



mm 2003-031416 



^-v! 29/ 



[0 0 9 3] 

I*^nS^7 7 K/f3 4ni^ih&^££^1-;W*>ffiA/i 1 20*. *^i<7) 

^O^ra^l^ico*^ LTV^fl^ 8 (i, >f * >ffiA1 1 2 0 «£ 19 «v£«^ 
tc < < pl^7'7 KS 5 Oih^^^O^PtB^^^M^tejiO^^ LT 

[0 0 9 4] 
[0 0 9 5] 

vm?y y vm 5 <v&um\-<vmm<vmm<Dmz<vM* Lx^&mm8 iz, r 

m (C) Itll 5 0 k e V^t>i±At^o 19, pl^7 7FI5 

2 0BMn o fcfc, ^*>ffiAi#iLttt, K-XfiSr, & 1 X 1 0 14 c 
[0 0 9 6] 

(m 7 mnmm) 

T-) <7)«it^^L7tKlf®llt:-*^ 0 [H3 0 ^#BSL-C, 7 «ff^^(±, 

±IfiH 4 ^Mff^Oltit (H 2 2 #BS) H £ v>T, n Itl7'o 77I8O co_t 
I^f>nS^7 7 K/f3<7)±M^5t-r^^$^^-r^|H]^l 3 0 t!>\ ij£l£<7)^ 
LTV^HltSJ: I9 &rttPJ]<7)|Il£ (M5fi5^<bifr 5 0 M m-mi 0 0 m<7)fgH 
) ^l^tt^nrv^o nSlt7'o^f8 0_t<7)Ml 3 0 i <9 & l*HPJj 
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ot, Itj5 nm<Dm&%^itZ> P tit, #J 1 0 0 nmOp^t^P dih 
, IU 5 0 nmC0l?<^^^r1--2> A uft^P)4^ pffilJ*-^ 7^111 4 9^ 

T, ^10 0 nm^^lit^T i /f t , 0 0 nm<Dm&*^ftZ> Pdi 
<h, fc)3 /* m69J? <&.£-^f"t"<5> A uMtfrhtt&p y h'W&l 5 l**^JS$n 

[0 0 9 7] 

77 K*3 0±ffi^ai"^*SI$S:^r-f*nflSPl 3 0£, $Ste<7>*'FLTv^fIJ£ 
8 «fc «9 *>[*H!J<7)^t (MSKSB^fcft 5 0 ^ m~ft 100// m<7)$E|g) Kfglta <h 
& nitiro 7^18 0 ±ocasB 1 3 0 <t 19 & (*HB*>^i*K, pl^> 
* ? M6 ^JiS^Jiftfc-f & <fc -9 pffl*-5 y 1 4 9 ZT&WL-fZ Z\ t 

£5effc1- & - £ § * 0 £ fc, §§7feH 4 , p M * 7 y KB 5 33 «t n itl7' 
o >7l8 0O(E&oa«t'LTi^*3Ci£8 «t *) kfom^mMtM'&LX^&WM 
8 btfWU 1 3 0 izX *)frmzti2><7)X% efiO*"fLtv^iit8 <t I) ^rtiBJJ 

(o^±m 4.x^±Lfz it&. $m com ^ lx^z mm s xmx zti&nzmm-t- 

hZ.t j?X £ & 0 - ti izX ! 9 , *sf5:<7)* Ltv^ 8 $ titzlt&M m 

[0 0 9 8] 
[0 0 9 9] 

, H2 5 iz7r,Ltzm4mM%m<vmm-7'v j txK}3^x, niiirn^i8 
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0 i'liUJC, RIE (React ive Ion Etching: Kfc 

-SHOBBl 3 0 Ztefitfrho -e-LT, ffi^T, M5 1 3 0 0|*J® 

±£-£tr£MK, plB*-5 y?mmi 4 9^J:^pjIij/N°> Kit 1 5 1 £f»J& 
-Ta^JKS (H^-tfr-f) *Mt4o -OflL nSlifcray^l8 0±O|Sfi! 
O^fp LTV^fI^8io «t OTlgB 1 3 0Ortffi±K&e-t&^JRJl&|Sfc5&1"*o 
.l*U3<fc*K nlliro y ^Jg8 0±<DWm>l 3 0 <t «J fertflBO^tz, pi 

& p ^ y * 1 4 9 _tK, p fflU^ -7 Kmffi 1 5 1 &Ml&-?2>o 

[0 10 0] 

in 3 it±, Ei3 o^LtzmimmBmvnimmitzx&mitm&^mfcis 

Hl«^J^«t^M<l:t/^^^-^T--e(i, (E&OHf L-Cv>&^i£8 <t 
19 &rt^<7>fcJ*K|S:»tfcftTV>&ia8Bl 6 0<D?££t^\ nlll7'n^i8 0 

[0101] 

m 3 2 «\ H3o^Lfc»7 mmzm&'m 2 «t ^mit^^m^ 
-^m z t-<7)ffim.*7T.Ltzmmmx~$>z>o m3 2 zmmLx, z\<dw>i mt^s© 

®±<7>|£teO&*LTv»*^l£8i3j:OTJg|n 3 0 £ffi*i>&tr «fc 9 «1 
7 0 75W^^tv^ o nIII7o-^18 0, 7 0 *5 J: 0*"p 

gin >^ ? hS 6±0^rM^(i, Tl^^ilClPl^ot, & 5 n mOJ¥&£*T 
1"&P tit, *-Jl 0 0 nm(Dm&Z#-tZ>P dit, ^150 nm<E>J?*£^T 
1-^Au^t^fb^^pffiO^--^ y ?WM\ 7 9tfJtZf$LZtiX\<*& 0 tfz, ptaj 
< y 1 7 9±tC(i. TiJi^iiClfil^ot, *-J 1 0 0 n m<7)ff<^£ 

^■fZT i inOO nmomfr&m-f* P dlt, &j3 ^mOJl^^^-f 

4Auit^f>4-5pffil^7 KSIl 8 l^J&£tLT^&o :<7)J:^:iSL 
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[0 10 2] 

m 8 mmmm) 

_Lfeg 4 flMff^<7>«jt (IH 2 2 #HS) Hjfc^T, nMrnru^n 7^i8 0?)i 
fllt8 ^fWb*iT^;z> 0 .r<7M?i->?£Af 1 9 0(2, ^ (C) t£t(D^-m>» 

mt mux 

[0 10 3] 

m8^mB^X^t, ±IS<7)J:d^> nIll7"D7^|8 0O±W^^0. 

2 ^ m<DmZ jr>mAm l 9 0£. ISfi^^^LTv^flltS ^I^tt 

i: J; oT, nllil7'n ^jf 8 0 <^±®0(5^<75*^ Lt v^HM 8 fi 

, ^- y&.xm i 2 o i:i *) mn.mjin\z < < & & co-e. n ni7'n y ^ « 8 
x^z> a 

[0 10 4] 
[0 10 5] 

msmmMm^zx^m^^m^-^rm^mm.y^'t^t lxh 

(H2 6#HS) <7)Hf|^> nSll7'n -7^18 0 ^H^fi^i^ Lt 
^^.iliSC, ^Sf (C) I^OkeVT^tVffiAtao CtiKlJ; H 

3 3tC^-fi?^, nMrnv/t^n y ^18 0 <7>±M^<bift 0 . 2^m^t>iE 
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XI 0 14 cm- 2 lUCta«ilv^ o 
[0 10 6] 

(* 9 HJfc^SS) 

[0 10 71 

1-**>*>, -<0|9lliit(t t7 7^7it2 0 1 a±C> 82 0nm 
<7)J?*Sr^rf*A l G a Ni 2 0 1 b*W^tLtv>-5 0 AlGaNi201b 
±K(±, ft 1 // ra^^tt^) GaN1201c 7&*5£j&$*L"Cl/*&<, -<^G a 
NJg 2 0 1 cO^J*twli % |K^lPlHfefl|$tL^:|Efi[3&*5^gt$tLT^& 0 fit 
, GaN1201 cJiO^IIlt^fi, ft2 0 0 nraOf^^tt^ S iNttz 
US i 02^^^^)-7^^S2 0 1 d«?titv^ 0 ^<7)v^^|2 0 1 d 
f±, SfeiTf S«j£:/n.fc*fcj3^'C\ IMIv^nUiitio G 
a Nig 2 0 1 c±t:(±, -7^^S 20 1d^I^9(:, ft 5 m^)J|*^^t 
^. 7 > K - 7°<7) G a N 1 2 0 1 e « ^ t 0 fit, -<7)i9lIB.l 
C J: i»f i#!/-f 2 0 lti, t77^7l«2 Olat 

AlGaNf201bt GaN|201ct "7^^120 1 di:, GaNl 
2 0 1 e fct:J:oTfjfi$ii5o ^£2 0 1 <T> G a N/1 2 0 1 e (±, 

[0 10 8] 

W&lZ 0 1 ±K(i, ftl 0 0 nmOd^^tt^. tHC, I^XlO^cm 
-3<7) K- fcf^S^-f & S i ji*K-^ntnIG a N75*<b&& nil 2 0 2 
^J&^ftT^&o nI|2 0 2±Cli, ft 4 0 0 n m£>J?* £ C 

, 1^5X1 0 !8 c m-3« K - I: > ^ifc i ^ 5 x 1 0 18 c m-3<o* ^ 'J 7iftj£ 
£*Tl-& S i &h'--72titz nSA l 0.05G ao.95N^£>&£ nl^ 9 ? KS 2 
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0 3^ffM$ttTV>^ 0 n!^7'yM2 0 3±Clt HI 2 Ktf L/c^ 1 mm 

1 2 0 2 , nl^7 7 KJS 2 0 3 is «£ tmTfcJt 2 0 4 (i, ^m<D r^ffSt^- 

JfJ O— WTfr&o 

[0 10 9] 

#§7^12 0 4±tC(i, fi^^^-r^> t t £ ft4 X 1 o!9cm-3<7) K-t°> 
^fi J3 i^5Xl 0 17 c m-3<7) Jf- ^ 'J TmmZ^-f & M g 7) ? K— :7°£ tLfc p M 
A 1 0.05^ ao.95N^ib&£ pi7 7 7 Kg 2 0 5^«$tLTv^ 0 :^)pl 
? -7 v KJf 2 0 5 OMHi, ft 1 . 5 ^ m^iplt&J 3 0 0 nm?>i« £ t 
o pl^ 7 y KJi 2 0 5 n&U&ftWW-l&Wi. 1^1 0 0 nm^^f 

1-*o f Lt, pI^7-7 KJi 2 0 5 OdSI5_Ltc f±, ft 1 0 nm^)l?^^^t^ 
t & tc, ft 4 X 1 0 19 c m-3<7) K— tf > ^fiis X CKft 5X1 0 17 c m- 3 <7>^r * 
*) TmfzZ^-f&MgtfV-yZtLtzpMG aN^H^pln>^ hJi2 0 
6^f^$tLTv^ 0 -e-LT, pl^ 9 ? KJf 2 0 50di^i: pin * hJl 

2 0 6 <h H=t o ffi7Z<Djlfi\ \,tmif& -fAf. mWM) <D »; y vSB 2 0 
7 7& 5 «fiK$tL* 0 pl^ 9 * KJi 2 0 5 & i^'pfn y 9 ? bM 2 0 6 t± 

[0 110] 

£ fc, pl^7 7 KJS 2 0 5 OflSBJSmo^fiSR^ <b n MJi 2 0 2 £ "CO^fje 
^OTfc*£fr&-£KJ: <9, nl7 7 7 KJi 2 0 2 comMCD— gSri**fcB $ tfC 
v^ 0 -e-LT, M2 0 1 im&LlrZG a NJi2 0 1 e & X V*&4k%0&¥i&ti& 
m (202 -205) (T>— -fitOW&V&fcW^ G a NJf 2 0 1 c CO A 1 G a N 
Ji2 0 1 bli<7)#ffi^«b pl^ 7 -y KJi 2 0 5<0£!iW<7)¥ia«IB^-i 
O f ^$^i<7)*4 , LTv^^2 0 8«M^tLTv^ 0 I«2 0 1 ^f#^c 

-f&G a NJf 2 0 1 efeilfnli 2 0 2 O-ftfe^OJSBaJOjS^tl 4> , G a Nf 2 
0 1 c CO A 1 G a NJi 2 0 1 b fflljO#ffi^ <b nMJi 2 0 2 <5D®Ut} $ tt/j^M i T 

[0111] 

fit, 'J 7 yg|S 2 0 7 * ^ p 1 3 > ^ ^ H 2 0 6 ±Cli, Tmfrh 
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±®H|p]^oT, !*J5 nm<OJl^^^-r^ P tit, ItJl 00 nm^^t 
SPdit, &J150 n m<7)j|E<&- £W"t~-2> A uiH^^^ pflj*-^ ^ti 
2 0 9?!> ? ffM£;a-rv>& 0 &ib\ pffiij^-^ -j?WM2 0 9 ii, 

[0 1 12] 

- - x\ m9 mw&w.x\±, p m * - < ? ? mm 209 <d±m nii2o 

X 0 ^2 5 0 nm^m^) S i Nfll^ & &*£ff fll 2 1 0 t^)& 
£tiTv>£ 0 1~&;b*>, pffJioct^nffiiJ^lEjiO*^ LX^*hi¥M2 0 8 

[0 1 13] 

fLT, pl^7 7 K12 0 S^fiW^^TO^^^Miti^ai-^^SlJi 
2 1 0<7)OT±Hfi, pffi^-5 y?mM2 0 9 ^Jiffi^^t" £ £ 9 
^^>±llHfp]^oT, #J 1 0 0 nm^)l¥^^^1-^T iffc, 1^)1 0 0 nmCDJ? 
^S-W-r^P dit, ft 3 ^ m^ff^^l^ A ugt^£& pflj/^ K««I 
2 1 1 7^1£$;£*i.-CV^ 0 
[0114] 

^9^Mf^,-et±, nMJS 2 0 2 <7)ltft ^T^MOfEfc?)*^ LTv> 
& WM 2 0 8 Jil^<7)fllt C^Hil- ^i-)!:, n limn 2 1 2 fimfc £ tiT v> & 0 
Z<Dn®mW,2 1 2 fi, TS^^»±/ll-|o]^oT, IU0nm»^^tl.A 
Hi, ^2 0 nm^m^^^-f^ P tit, #J3 0 0 nraW^tt^A u 

o 

[0 115] 

m 9 ^W^-eti. ±ffiO J: ^ ^ n MS 2 0 2 Oftft $ fifz^mmm^m 
L-C</^fHt2 0 8m^(7)F^fMlt^3Sm$n^ =t 9 H^liBI2 1 0 il&tfL-t 

&tti>iz, nmm 2 o 2<Dmm,£ti-tzmm(D$m<DM*Lx^2>wM2 o sj^jl 

^0|iltC^)!41-^ J: 9 n|]t|2 12Mt^:tCJ;ot, nS!2 
0 2 <Dm&£ntzmW<D$z&<7)M^LX^2>mi&2 0 8(2, ^#fll2 1 0 U«fc «9 
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ri/^fiit 2 o s ^mv£7!> ? }rLft& - 1 \zfcm-tz> } ) - ^ mmo^^m^^mi 

[0 116] 

[13 5~~EI3 8ii, [113 4CSL/:|9$iilCUitt^iftl'-f 
*^<^$^3i7 0 n-tx^|^H^i-^7t:i6coif®|g-e^^>o [1 3 4 3 8 £# 

bs it, t9 mmrnm k «t * s< tw^s-i* u - -f m it 7°o-txi:ov^ 

[0 117] 

£f\ 113 5^#BSLT, «2 0 l«7'n-b7(:o^tPM^o 

f*#Lfc^T% t77^7if 2 0 1 a±C S2 0 n m?)j?7* £^rl-& A 1 
G a N/H 2 0 1b £j&ft£-£& 0 ^<0fL 1 1 0 0°CC^^T, A 

1 G a NJg 2 0 1 b±H> ^ 1 ^ raOf^^ttS G a Nf 2 0 1c £)&:ft£-t>: 
ho ^<vm, GaN|201 c<7)^fllttc. fOE^(6]^f5Jf £ ^tste^M £ *i 
&o ^> 7°7XvC VDS^ffl^T, G a NJB 2 0 1 c ±^pJx^<Dmm^mx 

&J2 0 0 nraWf^^tt^ S iNitttS i C>2^ ^ & Z> 7 H 2 0 1 
d Zftm-f&o 

[0 118] 

2fcfc, HVPE&£ffl^T, «^S^^l 1 0 0°CKUW LfzVtm^\ 
712 0 1 d^IWiSv^^ t LT, G a Nf 2 0 1 c±C, 5 m<7)ff<^ 
£;£"f£T> K-ycoG a Nl 2 0 1 e ZmU&llS.&Z^ Z> o G a Nil 

2 0 1 e f±, -?X?m 2 0 1 d7^M£ftTV>&^G a Ni 2 0 1c JiHii^StJ 
KWtfjn\Z$L&Ltz'ik, i^Ci^Ctfit^o :«/:^ -7771201(1 
«$tiT^i^G a Ni 2 0 1 c ±.\z&M.1r h G a Ni 2 0 1 e Kfi, laTJ 
[S]^f^S$^^$sfi<7)*^i-^|ilt2 0 8rfMf&2KZ>o -e<7)-77, "77712 
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0 1 d±tCf£S1-£G aN!201e GaN|201 e 7^1f 7? J&ft-f 

tiC<v^ 0 fit, t77^7l^2 Olai, AlGaNi201bi:, Ga 
NH 2 0 1 c ^^120 1 GaNl201eht:J:ot, ^t£2 0 

1 ri*flfj££*L£ 0 

[0 119] 

-^U, H13 6 tc^i-J: 9 MOCVDS^ffl^t, ^K2 0 1 JLK, nM/S 

2 0 2 , nl^77K|2 0 3, 2 0 4 , p M ? 9 ? KJf 2 0 5 £ J: V* p 
I3>?^M2 0 6 LT> pl3'/^ M 2 0 6±O 
0tSe«J*K ,7^7^ -7°^ (HBfitt) <£> p US * - S y * «® 2 0 9 ^ ff^i" £ o 
-?-<7)^ pln>^^M2 0 6iJJ:0 ; 'pI^7 7 K12 0 5 0±M^<b^3 0 
0 nm«PMi';f>ns:ti:ioT, pl^7 * K/f 2 0 5 0M5£: 

4 7°%k mS:V0 O'J y v£&2 0 7 ZMWrtko 
[0 12 0] 

@3 7C^tJ:^:, p 7 y KJf 2 0 5 OdauWO^FfflfflJO^M 
nMS2 0 2 f-eo^fSE^iSSr^y^-^^-f&^t^J: «9 > nll2 0 2 <0 

[0121] 

^7XvCVDft^i/>t, ill:, ^2 5 0 nmOffc^.^ 

mt&S iNl Zl&lSL-t&o Z<D'&, pfiB*-S '77lt2 0 9± 

Kf£«1-&S iNlt, nl!2 0 2 0»W$*L^^Sf±0|Efi[0*i^ LTV>4 
fi«2 0 8 m<7)^7E«^f5:«1- & S iNl^ KtUiot, 03 

8 IZffitZ i %i!2 1 0 £7£j£1-&o 
[0 12 2] 

03 4C^U:<t9i;, H^S*i£*fflv>-C, pS777 K1 2 0 5W 
fi^W^¥ffl^<7)M±t-liS1-^)^fSl2 1 0<7)^M±tc, pfij*-* 
112 0 9<7)±St:W^J:9(:, pfiJW-y KM 2 1 1 £ff^J£1-& 0 Z.<n>'\%. 
, I9ii«li, nl! 2 0 2<7)®ffi^a/c^@±HfiSi-^^fm2 1 0 
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KB'* y KWfil 2 1 1 t& s ^J& $ titzMfr h 7. 7 9 4 T*7 4 > (m^-tt-T ) &SJ£ l 
[0 12 3] 

[0 12 4] 

tit JUL ±.mmi -i9»|T1i, ff*3R^-«tLTMft^f 

p - +m ^ * - kut- n^i&w £ £ ffl 1- * m k o v > x mm l £ ^ 

otto K £ iiffl °nt£ X h h o 

[0 12 5] 

ttz, ±M%\-m9mmnmxkt, m&tLx, nw.G z^muitz&mit 

-T\ 7 M^^mU, S i S i Cmfo, G a A s G a Pit, I n P 

[0 12 6] 

[0 12 7] 

±IE*1 ~*9HM^388-C»±, MOCVDttiffl^T, 2ffc!»^S# 

t>\ TMA 1 , TMG a , TMIn, NH3, S i H 4 , G e H 4 i3 J: XI C p 2M g 
%t*ZWMJf* t LXm^hif* V-AMB E& (Mo 1 e c u 1 a r B e a 
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m Epitaxy! ft^ftk*- fcf * * v -V fc^fcffl^T, Sffctf^ 

[0 12 8] 

ifc, ±ffi*i -*9Hffi^J@l-ei±, S<fc!»^#*#^«0^ffi** (0 0 0 1 

m& (1-1 0 0) ®^ (1 1-20) m% £<D (H, K\ -H-K, 0) II: 
J: o tzmm LXi> J:v^ 0 >r<7)iir£\ MQWvSMl*lHliiy-mJ#^l§^L^ 

:t^'^o £ fz, (1-100) (11-20) W^IiLtv^I 

[0 12 9] 

±fSfU -i9ii«lt vSttlii: LT#m»T-#P (MQW) fit 

in&z.ttfx^ho 

[0 13 0] 

t tz. ±um i-m9 nmmxn^ mzom* tx^zmm^ v ? 4 -fw 
izfmztitzmmzm^&zoizLtzi)^ *mmz\mzmh-r. $m<7)M* l 

xJ£\ [2I4&C:fc^T, -7^i7 2 4 tC^^T, H^teT^ P?fin§l^\£&1-£ 
[0131] 

ifc, 1 -mS^Mf^^ti. t7 7^7lf±CnIGaNf^^ft 

I±1IE#2 003-3099390 
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RK^>-r\ G a A sitiCnIG a N If - ^ K =t *) nIG aNll 

Wt^i^atU^o ^.fttfjKti, HVPE?££ffi^T, GaAsSIS 
±tc, ^1 2 0/um~~m4 0 0 j*m(Dm&$:#tZ>mm&V-7°Ztit2nmG a 
NH£McL/^ G a AsIK^n^iCJ: '9 nSG a N^^ff^t" 
&o -?>PfK nMG a <0 ^-^jj^PJ^ Ci^ 'J TaftJS^, & 5 X 1 

0l 8 c m- 3 t:\ ^o, SIMS (Secondary Ion Mass Sp 
ectroscopyl 2 ^-f * > jCM5^l7r) ^ =t ^Ifc'MJt/^ 1^)1X10 

[0 13 2] 

<b1\ — -fi<D*$k%f>frhm 1 5 0^m, 1M<^5ffi^^'b*t 2 5 0 ^ m^fcgi; 'J y 
[0 13 3] 

i tz , JifEffl 3 .fc J: <Tfjl 5 nMfmx (2 , n tBJJ K :* - ^ y * Jgl^ mSi £ BfiK-f 

[m 1 ] 

[02] ' 
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[Hi 3] 
[EI 4] 

EI 1 IZTr.LtzM 1 %mm\z il.MtiM«#W-W(7)lj|yD-bx^ 
[05] 

EI 1 izmLtim 1 HM^X i^M^^^^-^^^it^n-fe^ £ 
[06] 

fftHJ? 1" 4 * CO if ® m T* * * o 
[07] 

ei uzTFLtzn i mnMmz±&mm&¥mfoi/-v'mT-<vm&y°uii7,z 
m.w-fz>fzt6<DMmmx"$>2> 0 

[EI 8] 

1^1- ffif® El -e&& 0 

[EI 9] 

^l-^^^^^fSEi-e^^o 

[EI 1 0] 

§&9?1- »f®EIT-&&o 
[Ell 1] 

ei i tc^Lfc»m«i^3g^ x^m^^^^-^rm^m^-fa-t^i 
m.wi-&tzi&<DMmmx~$>2> 0 

[EI 1 2] 
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mitzjjkLtzmi mm^m ^ <£ & mim^mw v - *rm^- ^ mm. ? n -t * 
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